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This is a renewed petition under 37 C.F.R; 1 .47(a). It is being filed in response to 
the "Decision on Petition under 37 CFR 1 .47(a)" (dated Aug. 23, . 2006), dismissing 
Applicant's petition to allow one of two joint inventors to apply on behalf of himself and 
the non-signing inventor Roger William Stuart Lewis. 

Reconsideration is requested. 

The Decision states that the Petition was denied because "applicants have not 
furnished evidence of receipt of the complete copy of the application papers, including 
the declaration, by the non-signing inventor." Applicant submits a Declaration of Dr. 
Justin Hill herewith that establishes this fact. (Applicant continues to rely upon the 
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original Petition and Dr. Hill's original statement in support of the other factors that the 
Decision concluded were established.) 

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is 
hereby made. Please charge any shortage in fees due in connection with the filing of this 
paper, including extension of time fees, to Deposit Accoxmt 501946 and please credit any 
excess fees to such deposit account, and reference attomey docket 72995-015. 



2049 Century Park East 
Suite 3400 

Los Angeles, CA 90067 
Telephone: (310)277-4110 
Facsimile: (310)277-4730 
Date: October 23, 2006 




Respectfully submitted, 
MCDERM(^^WILL & EMERY LLP 
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DECLARATION OF PR, JIJSTLN HILL 



Mail Stop Petition. 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 



1) My name is Justin Hill. I am a European Patent Attorney in the law firm of 
McDermott Will & Emery UK LLP, based in its London office, where I have power of 
attorney to prosecute the above-referenced application on behalf of NewNew Networks 
Innovations Ltd /(hereiriaffef ''NewNew^'), I make this second Declaration in order to clarify 
statements made in my earlier Declaration in this matter, dated January 31,. 2006 ('^earlier 
Declaration")* 

A complete copy of the application was presented to the inventor with the forms 

2) With reference to paragraph 2 of my earlier Declaration, I would add that it has 
always been the standard procedure within our patent applications team to attach a complete 
copy of the relevant application as filed with the declaration and assignment forms that we 
send to inventors for signature. Having said this, I cannot be certain that a complete copy of 
the application as filed was attached to the declaration and assignment forms sent with my 
first June 1, 2005, letter (Ex. 1 to my original declaration) to tiie inventor named Roger Lewis 
because I caimot recall specifically checking this aspect when I signed the letter. 

3) However, I am certain tliat my second letter to the inventor, dated June 16, 2005, 
(Ex. 2 to my origin al deciaratinn) enclosed th^ dp.r.lar^itinn nnH ^.gAi£;nm^rtt forme «c ,^<? 
complete copy of the US application tliat was filed, I am certain because I made a point of 
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specifically checking the enclosures of my June 16, letter, owing to the fact that I had realised 
the June 1 , letter did not explicitly mention a complete copy of the application as filed had 
been enclosed. I attach as Exhibit 1 a further copy of my letter to Mr. Lewis dated June 16, 
2006, in the form it was posted, together with a copy of all its enclosures to Mr. Lewis. 

Both the first and second letters were received by Mr. Lewis 

4) Regarding the postal address used for Mr. Lewis in my letters of June 1 and June 16, 2005, 
Mr. Lewis provided this to me during a telephone discussion with me some time after May 
19, 2005 but before June 1 , 2005. I recall making a point of calling him to check his address 
after I discovered on May 1 9, 2005, that his co-inventor was at a different address than the 
one he had provided when the parent PCT application (PCT/GB2002/004499) had been 
originally filed. When I asked Mr. Lewis if he was at the same address, he too said he had 
moved and provided the 21 Captan Square address as his current postal address, I noted Mr. 
Lewis' new postal address on a Post-it note before handing the file with the Post-it^^ note 
attached to my assistant along with instructions to prepare the letter eventually sent June 1 . 
My discussion with Mr. Lewis left me in no doubt I was using his current address, 

5) With reference to paragraph 3) of my earlier Declaration, I would add that my letter of 
June 16, 2005 (Ex. 2 to my original declaration) was sent to Mr. Lewis at his 21 Captan 
Square address by means of "Royal Mail Special Delivery" (See Exhibit 2 hereto, Royal Mail 
Special Delivery receipts). In fact, two letters were sent to Mr. Lewis that day, the other 
relating to a request he had made for me to write off a debt that a business of his owed on 
another matter. Special Delivery is a premium UK recorded postal service which guarantees 
next day delivery with a signature from the recipient. Although recipient signatures are not 
supplied back to the sender under the UK Special Delivery system, they are kept by Royal 
Mail for delivery tracking purposes. Failure of the delivery service to obtain a signature on 
delivery the following day would have caused the letter to be returned to my office very 
shortly afterwards. In this case, neither letter was returned, indicating both letters were 
timely delivered to Mr. I.^wis' 21 Captan Square address. When I telephoned Royal Mail 
Customer Enquiries on 20 October 2006 to see for the first time if Royal Mail still held 
evidence of delivery, I was told that evidence of deliveiy was held by Royal Mail for 12 
months after the date of delivery but not any longer. In summary, I was told that no record 
now existed for the delivery of my letter, of June 16 to 2 1 Captan Square but if it had not been 
deliver it would have been **retumed to sender" within a few days. I had not attempted to 
obtain evidence of delivery sooner because in my mind the fact that Mr Lewis had responded 
with a refusal to sign put the matter beyond any doubt 

6) The fact that Mr, Lewis* email of June 27, 2005 (Ex. 3 to my original declaration) 
specifically responds to important points raised specifically in my letter of June 16, 2005, 
using corresponding language, also indicates he received that second letter. With reference to 
the first paragraph in my June 16 letter, I suggested to Mr. Lewis: 

"I realise you are not well versed in tliese procedures and that such may seem 
somewhat foreign to you* If you are in any doubt I suggest you have your own 
advisor confirm what is being proposed in tliis letter." 

Moreover, my letter dated June 16, 2005, went on: 

* 'We hereby request that you either. . . 

L indicate a willingness to cooperate ; or 
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2. Indicate in writing your refusal to sign these documents, setting out which 
documents in particular you refuse to sign (if not all of them)," 



It will be apparent that in the first of the above extracts from my letter of June 16, I was 
urging him as, I felt duty bound to do, to seek independent legal advise if he had any 
concerns on the issue of whether or not he should cooperate with our requests for his 
signature. In the second of the above extracts from my letter of June 16, 1 specifically asked 
Mr. Lewis for a refusal in writing in the event he elected not to cooperate. In his email reply 
of June 27, 2005, Mr. Lewis dealt with both points, and specifically stated in his reply email 
(Ex. 3 to my original declaration): 

"I wish to confirm that after having taken advice, I will not be signing the papers 
you presented to me on behalf of New New". 

Mr. Lewis' reply was clearly in response to the above-recited language in my second letter of 

June 16, 2005, which language was not present in my letter June 1, 2005, and so indicates he / 
had received and was responding to my second letter. 

7) I certify that the statements in my Declaration of January 3 1 , 2006 are true and 
correct. 

8) I further declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1 001 of Title 1 8 of the 
United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



DQ^iQ± 23 October 2006 




Dr. Justin Hill 

European Patent Attorney 

McDermott Will & Emery UK LLP 



c 
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DECLARATION OF PR. JUSTIN HILL 
EXHIBIT 1 



McDermott 
Will&Emery 



Boston Brussels Chicago DOsseldorf London Los Angeles Miami IMilan jygtjf, hU| 

Munich Yoi* Omnse County Rame San Diego Silicon VaBey Wa^ington. O.C juhin®eunve.mwe.c«n 

+44(0)20 75776943 



Our Ref: JH/PA/072WS-0 1 5 {600862PUS> 

PRIVATE AND CONFIDENTIAL 



BY POST 



Roger Lewis 

21 Captan Square 2ND LETTER 

London 

E14 3EU 

16 June 2005 



Dear Roger 



Re: National Phase Applications based on PCT/GB2002/004499 
United States - Assignment and Declaration and Petition 
Canada — Assignment 
Ciiina — Assignment 



As you have acknowledged I sent a first letter to you on 1 June 2005 which reouested 

nlSuS^hvV^'r* M '''''"^S P^*-* applications c^trbeS 

pursued by NewNew Network Innovations Limited, and in respect of which you are naSed 

as^ inventor. As was explained to you in that letter, and by telephone th«e d^curSf 

relate to patent applications overseas which are derived directly fom InW^ttionarS* 

Apphcat.on No PCT/GB2002/004499. all rights in wLh y^u^Srid S 

NewNew Network Innovations Limited by wav of a n^^ri «f a. 

not to do anytlnng which might be prejudicial to the rights transferred and you s^tSiSv 
;™aSnI''dS:ed^*^S,r ° ''^ ^ ''«"p-^ 

Accordin^y, we are now merely asking for your co-operation in line with the warranties vou 
gave m the above mentioned assignment document. Failure to promptly^^yo^ 
^l^rj:tl --gnment document couid Iteriany d^age'^S^ 

31^2. ^PP^^^^"^« ^^^'oncd above and others. I presume you would wtsh to 

I am duty bound to point out that you are not assigm'ng away any ownership rights not 
already covered by the above-mentioned assigmnent docLientf and there ou^t tf be no 

may .eem somewhat foreign to you. If you are in my doubt 1 suggest vou have your o wn 
advisor contirm what is being proposed in this letter. your own 

McDermott Wil^ & £mer/ UK LLP ,s a Smiled iiab.iiiy partnership /figuiaieci fa» she Uw Sccielv and 'e,-,aT.,fW P.^.,„. . . 

numbec OC3t 1 SC9, 'ftie members aro solicitors a, mgistereti foretan (avwjrs. A P.t oTmlrilS •'"'^'^"''^f^'" ^-^a.ana «nd Wates, mg,^i»red 

.vatlabie for ™p«c.io. a. the princip^ p,ac« of brine's regi Jrod" hown bdow ^-"-f^ricn. i« 

7Sishop.aate Lo«donEC.N3A« DX«6«Che«psid, Talephone: .44(0) .0 7577 S900 Fac.lmiN.: .4.(0)20 7577 www.^we.com 



We hereby request that you either: 

1. Indicate a willingness to co-operate by returning to me by post the attached 
documents duly signed by you, in the presence of a witness where necessary; or 

2. Indicate in writing your refusal to sign these documents, setting out which documents 
in particular you refuse sign (if not all of them). 

If you do not respond one way or the other by 25 June 2005, we will have to interpret the 
lack of response as a refusal to sign. 

Enclosed here for your reference is a complete copy of the application as it was filed together 
with a copy of the necessary forms so that you can be absolutely sure what this matter 
concerns in all aspects. 

Thank you in advance for your assistance. 

Please do not hesitate to contact me if you have any queries. 

Yours sincerely 




Dr. Justin Hill 
Director of IP Prosecution 
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ASSIGNMENT 

(Joint Inventors) 

WHEREAS, we, Neil Freebaim and LEWIS, Roger William Stuart, ( "ASSIGNORS 
have invented "COMMUNICATIONS NODE" ("Invention"), for which an application for 
patent (-'Application") has been filed in the United States, Application Serial No. 10/529,920, 
filed April 1 , 2005, which is a national phase conversion of PCT/GB2002/004499; 

WHEREAS, we are the joint inventors of the Invention; 

WHEREAS, NEWNEW NETWORKS INNOVATIONS LIMITED ("ASSIGNEE") is 
a corporation organized and existing under the laws of the United Kingdom, having a place of 
business at 10 The Piano Factory, 36-38 Peckham Road, London SE5 8GB, Great Britain; 

WHEREAS, ASSIGNEE desires to acquire the entire right, title and interest in and to 
the Livention and Application and to all patents based on the Application; 

NOW, THEREFORE, for valuable consideration, the receipt and legal sufficiency of 
which ASSIGNORS acknowledge, ASSIGNORS have and hereby do assign and transfer to 
ASSIGNEE, Its successors and assigns, the entire right, title and interest in and to: 

1 . The Invention; 

2. The Application; 

3. All applications based on or claiming priority from the Application, including all 
divisionals and continuations ("Application Family"); 

4. All patents which may be granted on the Invention, Application and Application 
Family by the United States of America, its territories and possessions, and by all 
foreign countries, including all priority rights and all reissues thereof ("Patents")- 
and 

5. The right to sue for past infringement of the Invention, Application, Application 
Fami ly and Patents. 

ASSIGNORS agree, at the request of ASSIGNEE, to sign any and all papers reasonably 
needed to file and prosecute the Application and Application Family, to obtain the Patents and 
to perfect and vest in ASSIGNEE the entire right, title and interest in the Invention, Application 
Application Family and Patents. ASSIGNORS also agree to provide assistance that is reasonably 
needed to prepare and prosecute the Application and Application Family. 

ASSIGNORS authorize and empower .ASSIGNEE, its successors and assigns, to apply 
for and obtain, in its own name, the Application, Application Family and Patents before 
competent International Authorities, including the World Intellectual Property Organization and 
in any and all foreign countries in which applications for patents can be made or patents 
obtained. 
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Dated: 



2002 



Name: Neil FREEBAIRN 
Address: 82 The Triangle 
Compton Street 
London EClVOAG 
Great Britain 



Witness (Signature) 



Witness (Signature) 



Witness (Print or Type Name) 



Witness (Print or Type Name) 



Witness Address (Print or Type) 



Witness Address (Print or Type 



Dated: 



2002 



Name: Roger William Stuart LEWIS 
Address: 42 Wolsingham Drive 
Newton Hall 
Durham DHl 5SP 
Great Britain 



Witness (Signature) 



Witness (Signature) 



Witness (Print or Type Name) 



Witness (Print or Type Name) 



Witness Address (Print or Type) 



Witness Address (Print or Type) 
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Declaration and Petition 

As a below named inventors, we hereby declare that: 

Our residence, post office address and citizenship are as stated below next to our names. 

We believe we are the original, first and joint inventors of the subject matter which is 
claimed and for which a patent is sought on the invention COMMUNICATIONS NODE, the 
specification of which was filed on April 1, 2005 and assigned application serial no. 10/529,920. 

We hereby state that we have reviewed and understand the contents of the above 
identified specification, including the claims, as amended by any amendment referred to above. 

We acknowledge the duty to disclose information which is material to the examination 
of this application in accordance with 37 CF.R, § 1.56(a). 

We hereby claim foreign priority benefits under 35 U.S,C, § 119 of any foreign 
application(s) for patent or inventor^s certificate listed below and have also identified below any 
foreign application for patent or inventor's certificate having a filing date before that of the 
application of which priority is claimed, 

PRIOR FOREIGN APPLICATION(S) 

Number Country Filing Date Priority Claimed? 

PCT/GB2002/004499 PCT October 4, 2002 Yes 

PRIOR UNITED STATES PROVISIONAL APPLICATIONS 

We hereby claim the benefit under 35 U.S.C. § 119(e) of any United States provisional 
application{s) listed below: 

Application Serial No, Filing Date Status 

NONE 



PRIOR UNITED STATES APPLICATION{S) 

We hereby claim the benefit under 35 U.S.C. § 120 of any United States application(s) 
listed below and, insofar as the subject matter of each of the claims of this application is not 
disclosed in the prior United States application in the manner provided by the first paragraph of 
35 U-S.C. § 112, we acknowledge the duty to disclose material information as defined in 37 
CRR. § 1.56(a) which occurred between the filing date of the prior application and the national 
or PCT international filing date of this application: 

Application Serial No* Filing Date Status 

NONE 

We hereby declare: All statements made herein of our own knowledge are true and that 
all statements made on information and belief are believed to be true. These statements were 
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fine or imprisonment, or both, under 18 U.S.C. § 1001 and that such willful false statements may 
jeopardize the validity of the application or any patent issued thereon. 

Wherefore we pray that Letters Patent be granted to me for the invention or discovery 
described and claimed in the foregoing specification and claims, and we hereby subscribe our 
names to the foregoing specification and claims, declaration, and this petition. 

Full name of first inventor: Neil FREEBAIRN 

Inventor's signature Date 

Residence: London^ United Kingdom 

Citizenship: United Kingdom 

Post Office Address: 82 The Triangle 

Compton Street 
London ECl V GAG 
United Kingdom 

Full name of second inventor: Roger William Stuart LEWIS 

Inventor's signature Date 

Residence: Durham, United Kingdom 

Citizenship: South Africa 

Post Office Address: 42 Wolsingham Drive 

Newtoa Hall 
Durham DHl 5SP 
United Kingdom 
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PATENT 



CERTIItCATE OF MAtUNC BV RXFRKSS MAIL(37 CfHt f IJO) 
"Bicpnn Mail" Ivteiling JUbel Number BV4«S9I3033U5 



Applicants: FREEBAIRN, Neil et al. 



I batby certify ttul thSs paper or fee u b«ing dq?<aited with th« UaiJed 
States Po*44»l Service "EApi^ Mail Voxt Omcc U> AddrcMec" iwrvicc 
undifr 37 CFR § MO oa the da£s indicated slx^vc <tnd is add^vs^ to 
Coni£tHsaiot»r for P»te«»» F.O. San Akxaadri*. VA 22313- USO qb 
Apr U.^PP?^ 



Serial No.: Filed herewith 
Filing Date: April 1, 2005 




Title: COMMUNICATIONS NODE 
Group Art Unit: UnJcnown 
Attorney Docket: 072995-0015 



IN THE tfNITED STATES PATENT AND TRADEMARK OFFICE 



Commissioner for Patents 
P.O, Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

Prior to examination, please amend the claims as shown herewith. Amendments to the 
claims begin on page 2. Remarks begin on page 10. 



PRELIMINARY AMENDMENT 
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Amended U* S. National Phase Claims 072995-0015 



1. (Currently Amended) A conimunications node for establishing a plurality of 
logically distinct communications links running through the node contemporaneously to one 
or more remote nodes, the communications node comprising: input switch means; output 
switch means; a plurality of communications resources connected between said input and 
output switch means, said plurality of commtmications resources including at least first and 
second conununications resources ad^ted to deliver different communication services 
including packet*switched and circuit-switched services; control means associated with said 
input switch means and said output switch means to establish logically distinct links through 
the node, wherein each said link is configurable Co selectively include one of the at least first 
and second communications resources. 

2. (Originai) A communications node as in claim U wherein said communications 
resources include signal processing means. 

3. (Original) A communications node as in claim 1 or 2, wherein said 
communications resources include packet processing means, 

4* (Cuirently Amended) A communications node as in [any preceding] claim 1, 
wherein said communications resources include a first plurality of communications resources 
adapted to serve one of said service types and a second pluraUty of communications resources 
adapted to another of said service types. 

5. (Currently Amended) A communications node as in [any preceding] claim 1, 
wherein |he at least [a] first Gommunications resource is arranged to process a mmp<mmt of a 
synchronous input signal^ and the at least [a] second of said communications resources is 
arranged to process a component of an asynchronous input signal* 

6. (Currently Amended) A communications njode as in [any preceding} claim L 
wherein a plurality of packets &om a signal ifJow is processed by said second communications 
resource. 

7. (Cmrently Amended) A communications node as in [any preceding] claim 1, 
wherein said input switch means is arranged to receive at least one input signal partitioned 
such that it comprises a plurality of signal components, wherein said plurality of logically 
distinct links through the node are established by means of logically associated ones of the 
signal components ^ r — 

8. (Original) A communications node as in claim 7, wherein said output switch means 
is configurable to receive signal components aad switch said signal components onto at least 
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one output signal which partitions said signal oomponOTts, wherein said logical links through 
the node are extended by means of logically associated ones of the components of the output 
signal. 

9. (Original) A communications node as iii claim 7 or 8, wherein said signal 
components are partitioned by means of one or more of: time division multiplexing; 
frequency division multiplexing; code division multiplexing; and space division multiplexing, 

10. (Cujxently Amended) A communications node as in [any of claims] cMm 7 [to 9], 
wherein said input switch means is configurable to switch a plurality of partitioned input 
signals contemporaneously, 

11. A communications node as in [any of claims] claim 7 [to 10], wherein said output 
switch means is configurable to switch a plurality of partitioned output signals 
contemporaneously. 

12. A communications node as in [any preceding] claim L wherein one or more of 
said logical links spans more than two nodes such that it ^^ablishes a logical network* 

13. (Currently Amended) A communications node as in claim 12, wherein one or 
more of said logical networks is initiated and/o r temiinated at a node. 

14. (Currently Amended) A communications node as in claim 12, wherein one or 
more of said logical networks is initiated and/o r terminated at an end terminal, 

15. (Canceled) A oommunieationii nod e as in claim 13, wh e rein oa o or more of said 
logioM n e t^wricG Id initiat e d 

16. (Canceled) A commun icati o na- nodo us in claim 14, wh e rein on e or more of said 
logical notworlcfl is initiated and terminated at e nd t ef mi nal er 

17. (Currently Amended) A communications node as in [any preceding] claim 12, 
wherein said input switch means and said output switch means are configurable to circuit 
switch communications data on a logical link such that low latency transfer of said data is 
achieved. 

18. (Currently Amended) A communications node as in [any preceding] claim 12, 
wherein pluralities of said logical Jinks are programmably aggregated and disaggregated by 

-Said node^ 

19. (Original) A communications node for receiving at least one input signal 
comprising a plurality of components, each said component comprising part of a logical link 
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over a portion of a communications network, the communications node comprising: ingress 
means for receiving said at least one input signal; egress means for outputting at least one 
output signal comprising one or more components of said input signal; one or more signal 
processing means connected between the ingress means and egress means, for receiving 
components of said at least one input signal and processing said components in accordance 
with a predetermined communications process; first switching means configurable to 
selectively cause a signal output from said ingress means to bypass one or more of said signal 
processing means en route to said egr^ means; second switching means configurable to 
direct signals output firom said signal processing means to said egress means, 

20, (Original) A communications node as in claim 19, wherein said first switching 
means is configurable to provide a connection between said ingress means and said second 
sv^tching means, which connection bypasses all of said signal processing means. 

2L (Original) A communications node as in claim 19 or 20, wherein there is provided 
a plurality of signal processing means connected between said ingress means and said egress 
means, each one of said plurality of signal processing means being arranged to receive at 
least components of said at least one signal and to process the received components in 
accordance with a predetermined communications process, 

22. (Original) A communications node as in claim 21, wherein first and second ones 
of said plurality of signal processing means are arranged to process received components in 
accordance with a different predetermined communications process. 

23. (Cuirently Amended) A communicatioi^ node as in claim 21 [or 22], wh^ein 
different ones of the signal pro^^^^ 

one or more layers selected from layers IX 3>4, 5,6 and 7 of the open systems interconnect 
model, 

24. (Currently Amended) A conomunications node as in [any of cldms] claim 21 [to 
23], wherein said first switching means is configurable to supply a component of the at least 
one input signal to a first signal processing means and another component of the at least one 
input signal to a second signal processing means. 

25. (Currently Amended) A communications node as in [any of claims] claim 19 [to 
24], wherein the timing of an input signal is synchronous with a timing reference signal of the 
node. 

26. (Currently Amended) A communications node as in [any of claims] claim 19 [to 
25], wherein an input signal is time division multiplexed such that said components are a 
plurality of time slots, corresponding time slot defining part of a logical link« 
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27. (Original) A cormnxonications node as in claim 26, wherein irame pulses occurring 
at redefined timing intm^als delimit a number of time slots to be buffeK?d and/or switched 
between frame pulses. 

28. (Ciirrently Amended) A communications node as in [any of claims] claim 25 [to 
27]> wherein a plurality of synchronous input signals are received at said ingress m^ns and 
said output signal from said egress means comprises components from different ones of the 
input signals, 

29. (Currently Amended) A communications node as in [any of claims 19 to 28] claim 
19, wherein the second switching means supplies a plurality of output signals to said egr^ 
means, and wherein first and second output signals of the plurality of output signals comprise 
components from one input signal. 

30. (Currently Amended) A communications node as in [any of claims 19 to 29] claim 
19, wherein the rate of receipt of an input signal is independent of a timing reference signal of 
the node. 

31. (Original) A communications node as in claim 30, wherein an input signal 
comprises packets. 

32. (Currently Amended) A communications node as in [any of claims 19 to 31] claim 
19, wherein at least one processing means comprises a packet processing pipeline, 

33. (Currently Amended) A communications node as in claim 32, wherein said second 
switching means is arranged to switch a packet supplied from the [or each] packet processing 
means in accordance with destination information associated with the packet by the packet 
processing means. 

34. (Currently Amended) A communications node as in [any of claims 3 1 to 33] claim 
32, wherein a packet from an input signal is switched such that it appears as a packet in a 
plitrality of output signals of the egress means. 

35. (Currently Amended) A communications node as in [any of claims 3 1 to 33] claim 
32. wherein a plurality of packet flows each on a different logical link of an input signal are 
switched such that they appear as packet flows on different output sigisals of the egress 
means. 

36. (Currently Amended) A commimications node as in [any ofclaims] claim 31 [to 
33], wherein a plurality of packet flows on a logical link of first and second input signals are 
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swi<ch«i s»ch fta. mey app«^ as packet oa dlfft™. lojioal of an ou»u. signal of 
tiie egress means. 

37 (Currently Amended) A communications node as in {any of claims] sto 31 [to 
33], wherein a plurality of packet flow3 on a logical link of an input signal are -;tched^ch 
thi they appear as packet flows on logical Utiks of different output signals of the egress 



means. 



38 (Original) A communications node as in claim 31 or 32. wherein an input signal 
comprises packets belonging to a plurality of packet flows each packet flow o-ned on 
a different logical link, wherein said first switching means is operable to demulnplex the 
input signal to provide individual packet flows and supply a combined packet flow therefrom 
to an appropriate packet processing pipeline for processing in accordance with a 
predetcmiined packet processing protocol. 

39 (Original) A communications nods as in claim 31 or 32, wherein said second 
switching means is programmed with switching information such that it receives packets 
from said first switching means which have bypassed said packet processing means and 
directs them without reference to destination information in the packet. 

40 (Currently Amended) A communications node as in [any of claims] sMm 19 [to 
39] wherein said at least one input signal comprises a first input signal which is timed 
synchronously with a timing reference signal of the node and a second input signal having a 
rate of receipt independent of said timing reference signal of the node. 

41 (Cfriginal) A communications node as in claim 40, wherein said at least one input 
signal comprises a fir^t plurality of input signals timed synchronously with a timing reference 
signal of the node and a second plurality of input signals having a rate of receipt mdependent 
of said timing reference signal of the node. 

42 (Original) A communications node for receiving and transmitting signals 
comprising sets of signal components transmitted at intervals, wherein a set coi^rises a 
number of signal components partitioned from one another and wherein concatenated si^al 
components in adjacent sets establish a number of logical links over a portion of a 
communications network, said node comprising: input switch means; output switch mea^; 
control means connected to said output switch means and programmable to cause selected 
ones of the partitioned signal components of a set to be aggregated, such that said a^gated 

'";;^;;r;;^.;^ cor^spondmg to 

predetermined multiple of the signal component bandwidth. 
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43- (Origmal) A communications node as in claim 42, further comprising control 
means connected to said input switch means and programmable to cause partitioned signal 
components which have been aggregated at a remote node to be disaggregated. 

44. (Original) A communicatiora node as in any of claims 42 or 43, furtiicr 
comprising a plurality of signal processing means connected between said input switch means 
and said output switch means, wherein said input switch means is configurable to supply at 
least a component of an input signal to a selected one of said signal processing means. 

45. (Original) A communications node as in claim 44, wherein one or more of said 
node processing means is arranged to process at least a signal component received on an 
aggregated logical link after signals transferred thereto have been disaggregated. 

46. (Original) A communications node as in claim 44, wherein one or more of said 
node processing means arranged to process at least a component of a signal received on an 
aggregated logical link without disaggregating the partitioned signal components defining the 
aggregated logical link. 

47. (Original) A communications node as in claim 44, wherein at least one signal 
processing means is arranged to support one or more of Ethernet. ATM, IP, IP over ATM. IP 
over Ethernet or unpacketised data. 

48. (Currently Amended) A method of setting up a logical link across a portion of a 
network comprising: 

providing a plurality of communications nodes for estabhshing a plurality of logically 
distinct comTnunications links running throuidt the node contemporaneously to one or more 
remote nodes- the communications n o dft including: in put switch means: output switch means; 
a plurality nf communications resources conne cted between said input and output switch 
means, said plurality of communications resour c e.'! Including at least first and sec<?pd 
cnmmunicatiops resources ad a pted to deliv e r different communication services incinding 
p acket-switched and circuit-switched se rvices: control means associated with said input 
i^tch means and said output switch means to estabhsh logically distinct Hnks through the 
nnda. wherein ^rJh said link is configurable to sel e ct i vely incl ude one of the at least first and 
<^.nnd communications resources [according to any of claims 1, 1 9 or 42 includingjiand 

rntitin p a reouest to establish a lo <>i^-al link from a source node to a destination node 
- TTv^rlTieast one nmepmrMity r rfTT^^ nodca^rsending a p a cket to -a plura l ity of - 

nodes.] 
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49. (Currently Amended) A method of setting up an aggregated logical link [as 
defined in claim 42 including sending a packet to a plurality of nodes] , comprising: 

P^.nHm p plurality of nommumcati nn« nf>des for receiving and transmitting giffnals 
.^m pri«i«g sets of comi > »i^«nts transmitted at intervals, wherein a set comprises^ 

»1.mh..r nf signal ^^tn pnnents na r tirinned from one another and whemin concatenated signal 
r.nm ponents in adiacetit sets establish a number of lo gical Hnks over a portion of a 
r.r>rr,mnnication s network, said rode comt)rising: inp ut s witch means; output switch means; 
,...ntrol means ronnected to said output swit ch m e ans and p rogrammable to cause selected . 
ones of the partitioned signal comtionents o f a set to be agpregated, such that said aggregated 
dpnal comnon ^nts define an aggregated logica l l i nk having a bandwidth coirespondins to a 
predetermined multiple o f the signal component b^ndwidfa an4 

rr^,^^f^y, a re quest to establish a logical link from a source node to a destination node 
over at least one of the plurality of c onmiunications nodgs- 

50. (New) A method of setting up a logical link across a portion of a network 

comprising: 

providing a plurality of communications nodes for receiving at least one input signal, 
comprising a plurality of components, each said component comprising part of a logical link 
over a portion of a communications networit. the communication node comprising: ingress 
means for receiving said at least one input signal; egress means for outputting at least one 
output signal comprising one or more components of said input signal; one or more signal 
processing means connected between the ingress means and egress means, for receiving 
components of said at least one input sigtiai and processing said compon«Hits in accordance 
with a predetermined communications process; first switching means configurable to 
selectively cause a signal output from said ingress means to bypass one or more of said signal 
processing means en route to said egress means; second switching means configurable to 
direct signals output from said signal processing means to said egress means; and 

routing a request to establish a logical link from a source node to a destination node 
over at least one of the plurality of communications nodes. 
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Coniinuni cations Node 

Field[oft)ieInventiQn 

This invendon relates to a commuuicatiojis node such as a multiservice switching 
5 appfa-atus and metliods of operating connnimications nodes to perform for example 
multiservice switching* 

Embodiments of the present invention are useful in, for example, chip-to-chip 
interconnect, board-to-board interconnect, chassis-to-chassis interconnect as weU as 
in traditional network devices, such as LAN" hubs and bridges, WAN routers, metro 
10 switches, optical switches and routers, wireless access points, mobile base stations 
and terminals, PDA's and other handheld terminals, wireless or otherwise as well as 
other communications applications. 

Backgroxmd of the Invention 

Coxrimunications networks can be categorised according to the kind of traffic they 
15 are designed to carry^ for example voice, video or data. Esscaitial differences in 
purpose give each of these three kinds of network weaknesses when used for 
piuposes other than they were designed fo^^ 

Circuit-svidtched networks are not designed to facilitate the introduction of new 
network service. When they were originally designed, the range of services 

20 envisaged was limited and the industry had been slow to move on from proprietary 
standards. Since then SS7 signalling has hem introduced, but this operates over a 
separate packet network. Circuit-switching requires an eaad-to-end connection to be 
established before it can be used. This introduces a small but nonetheless significant 
delay before data can be sent across the connectilon. Circdt-switohing noimally 

25 employs narrow band links which are unsuitable for many applications, especially 
those involving video* The term '*circuit*switched'' and ''circuit-switching'* used 
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herein relate to switching to facilitate low latency data transfer as is common iu the 
art and should not be construed as iimited to original iiard«wired circuit-switched 
connections. 

Data networks use packet-switched architectures to enable relatively sophisticated 
5 (compared to a telephone) temiiiml devices such as computers to access 
asynchronoiis multipoint-to-multipoint connectivity. The term "packet" used herein 
will be used to mean a data payload and header which is switched in packet- 
switching mod^. Packets therefore include for example, cells, frames and 
digrams. Packet-switched architectures enable multiple data flows to have access 
10 to a single set of switching and link transmission resources which gives rise to 
contention and thi^efore variability in quality of service. Managing highly variable 
services to optimise long-term return on investment is complex, risky and costly 

In addition, packet switching requires every packet to be processoi, delivering an 
unnecessary level o f network resilience and wasting valuable network resources, 

15 Video networks are traditionally unswitched to provide a limited numb^ of high- 
bandwidth TV channels to a large number of television terminals. Such a network is 
unsuitable for interactive communication. Therefore, interactive cable television 
operators overlay a packet switched network on top of their cable infrastructure, 
while operators of interactive satellite TV typically us© the telephone to provide a 

20 backchannel. 

A "convergence" network comprising nodes capable of handling multiple services 
could be less complex, less costly, easier to operate and offer the flexibility of 
service innovation. How^ever, known convergence networks are based on packet- 
switched data network architectures. 

25 IPv4 has a packet^switchiag architecture designed to give users equal access to the 
switching and transmission resources of a given node. This makes contention for 
resources a serious problem and accordingly the qxiality of service that packets 
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receive is uncertain, even highly variable. As a result IPv4 network operators tend 
either to be a provider of higlier cost, higher quality network services by leaving 
sufficient headroom to be confident that contention and the delays, jitter, packet-loss 
it introduces will be below thresholds their ^ers demand, or to be a provider of 
5 lower-cost, lower quality network services in larger volumes by operating the 
network close to its maximum throughput. This is constrained only by the maximum 
delays, jitter, and packet-loss that users will accept. 

By design and for simplicity* IPv4 routers arc stateless and therefore are not able to 
employ efficient processing techniques that require the router to be set up, such as 
10 pre-transmission switch set up, as used in circuit-switched networks, ATM networks 
etc, and process each header independently of every other, wastcfiiliy expending 
scarce network processing resources. 

In standard serial transmission a packet'$ bits are sent contiguously. Variable packet 
lengths therefore introduce jitter also known as interpacket delay variation. This is 
15 variability in the duration of ftte gap between the arrival of one packet and the arrival 
of the next Speed of processing can reduce but not eliminate this variability and the 
threshold of acceptability is continually being lowered by advancing user 
expectation- 

Another drawback with IPv4 is that its headers are not stmctuied to be easily 
20 readable for high-speed processing. 

A number of overlay architectures and associated protocols have been developed to 
enable differentiated services to be offered in an JP network by enabling router 
resources to be differentially applied to particular classes of packets. This enables 
contention to be managed. Examples are IntServ, Dif£Serv, and MPLS. New 
25 protocols are introduced to enable the services to be accessed and the IP routei^ re- 
designed to enable these services to be delivered. Packets are class marked at the 
point of entry into the network (or earlier) so that tiie routers know which new 
service elements to provide. The mttoduction of a service differentiation architecture 
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into IPv4 enables network managers to coatol the relative quality of service that 
different packet classes receive but the scope for differentiating among packet 
classes is not adequate to differeatiate services between individual oad us&rs. 
Accordingly, packets will continue to contend for resources and end users will 
continue to experience service variability. 

IPv6 is a major architectural upgrade to IPv4 which introduces a number of 
important enhancements to IPv4, including Mobile iatemet Protocol, automated 
address conjBguration, impmved isecurity and routing, and a mvich larger address 
base. IPv6 meets service differentiation challeoiges by introducing into the header a 
20-^1 flow label which enables the appKoation of packet processing resources to be 
differentiated down to individual application data flows. IPv6 also reduc<» the 
complexity of header processing by fixing the header structure. This means 
processes can extract information Jfeom a predetemain^ position within the header. 
IPv6 is different enough from IPv4 that implemoiting it enlails significant costs, 
risks and challmges. This has been a serious hindrance to its adoption, 

ATM is a complete set of networking protocols. ATM implements internetworking 
through conversion protocols called "adaptation layers'*. These enable specific kinds 
of network traffic (e.g. IP traffic) to be carried transparently across multiple 
interconnects ATM networks, ATM delivers service differentiation throu^ virtual 
circuits which enable switching resources to be dedicated to appropriately marked 
traffic along a path across an ATM network. The fixed small size and structure of 
ATM ceils enables switching of packets using a virtual circuit identifier to be 
achieved at high speeds^ and with very low jitter. 

However, the small payload (4S-bytes per cell) entails: 

JL many more packets per megabyte than I? or Ethernet 
Jt high packet processing rates for a given bandwidth 
Jk much more segmentation and reassembly of larger packets r^eiv^ from 
higher network layers 
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ATM also offers many sophisticated features suitable for large, high speed 
commercial networks. Netvv-'ork management and network equipment are 
correspondingly both more complex and more costly for ATM than for IP. 

These drawbacks have limited the actoptiou of ATM largely to high-speed backbone 
networks, while simpler and cheaper DP and Ethernet networks dominate elsewh^* 

Accordingly^ known multiservice architectures bring existing architectural 
constraints to convergence of voice, video and data networks. There has been a 
corresponding failiire to harness the strengths of independent network types in the 
multiservice alternatives disclosed to date. 

Summary of the Invention 

The present invention seeks to provide an improved communications node and 
methods of operation thereof, 

Aojording to an aspect of the present invention there is provided a communications 
node for establishing a plurality of logically distinct communications Knks running 
through the node contemporanMUsly to one or more remote nodes, the 
communications node comprising: 

input switch means; 

output switch rneans; 

a plurality of communicatiom resources connected between said input and 
output switch means, said plurality of communications resources incltuiing at least 
first and second <x)mmuiacations resources adapted to deliver different 
communication ser/ioes including packet-switched and circuit-switched services; 

control means associated with said input switch means and said output switch 
means to establish logically distinct links through the node, wherein each said tok is 
configurable to selectively include one of the at least first and second communication 
resources. 
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According to another aspect of the present invention there is provided a 
communications node for receiving at least one input signal comprising a plurality of 
components, each said component comprising part of a logical link over a portion of 
a cormnunications network, the coirnnunications node comprising; 
5 ingress means for receiving said at least one input signal; 

egress means for outputting at least one output signal comprising one or more 
component of said input signal; 

one or more signal processing means connected between tiie ingress means 
and egress means, for receiving components of said at least one input signal and 
10 processing said conaponents in accordance with a predetennined communications 
process; 

first switching means configurable to selectively cause a signal output from 
said ingrc^ means to bypass one or more of said signal processing means en route to 
said egress means; 

15 secoiKl switching means configurable to dire«:t signals output fiom said signal 

processing means to said egress means. 

According to another aspect of the present mventioa there is provided a 
communications node for receiving and transmitting signals comprising sets of 
20 signal components transmitted at intervals, wherein a set comprises a number of 
sigiaal <xmipon^^ partitioned fiom one another and wherein concatenated signal 
components in adjacent sets establish a number of logical links over a portion of a 
comriiunications network;, said node comprising: 
input switch means; 
25 output switch means; 

control means connected to said output switch means and programmable to 
cause selected ones of the partitioned signal compcments of a set to be aggregated, 
such that said aggE^gated signal components define an aggregated logical link having 
a bandwidth corresponding to a predetermined multiple of the signal component 
30 bandwidth. 
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Advantageously preferred etnbcdiments are universal, mteroperating with packet 
switohed and circuit switched architecture, and is ^plicable to layer 2+ protocols 
(including ATM, Ethernet 802.3 and 02.11, IPv4 and IPv6, MPLS) and system 
5 int^connect steaadards (such as Infiniband, PICMG 2.16 and 2.17). 

Preferred networks can instantly provision dedicated end-to-end paths that can 
achieve 100% efficiency, while traditional packet switched networks often waste 
more than 50% of their theoretical throughput managing congestion- 

Prefened nodes haxidle QoS internetworking at layer 1, reducing reqiarement for 
10 network packet processing - policing, routing, scheduling, protocol conveision, 
tunnelling, segmentation and reassembly, h^der modification, checksum 
recalculation, etc. - which introduces cost, complexity and latency* 

Preferred nodes enable a common physical network to be reconfigured on-the-iiy 
into logically distinct virtual networks that can have distinct topologies. 

15 Preferred node virtual networks can use and isolate distinct bearer services, enabling 
a common physical network to support, for example, ATM + IP, IPv4 4- IPv6, 
Ethaiiet LAN IP WAN, or even packetised and unpacketised traffic. 

Preferred nodes offer a single common migration path to convergence for all 
network operators. 

20 Prefen^ nodes provide a scalable foundation for multiservice switching systems. 
Preferred nodes guarantee low-latency where it is required. 

Preferred nodes permit per-hop latency soit-configurable^ practicaily around 1ms. 
Preferred nodes guarantee bounded jitter (interpacket delay variation). 
Preferred nodes permit in-order delivery of packets. 
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Preferred nodes permit dedicated ead-to-end paths (zero congestion). 

Preferred nodes ofifer unimcketised streaaiiiig data which can be traosported, 
enabling significant efficiency gains. 

Preferred nodes enable Ethernet in the IAN and UNA-enabled IP in the WAN and 
5 MAN will perform significantly better than ATM in these environments and at lower 
cost. 

Brief Descriptipn of the Drawin|g;s 

An embodiment of the present invention will now be described, by way of example 
only, with reference to the accompanying drawings, in which: 

> Figure 1 is a schematic diagram of a preferred communications node for multiservice 
switching which embodies the present invention; 

Figure 2 is a more detailed view of the commnnications node of Figure 1; 

Figure 3 is a schematic diagram of a first synchionons asynchronous time-slot 
interchange (SATSI) stage in the node of Figure I ; 

Figure 3A is a schematic diagram illustrating the switching of synchronous and 
asynchronons sigaals through an exemplary mtdti^erviee switching node; 

Figure 4 is a flow diagram illustrating loading of a switching buffer in a synchronous 
mode of operation of the SATSI stage of Figure 3; 

Figure 4A is a flow diagram illustrating loading of a switching buffer in an 
asynchronous mode of operation of the SATSI stage in Figure 3; 

Figure 5 is a flow diagram illustrating an asynchixmous mode of operation of the 
SATSI stage of Figure 3; 
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Figure 6 is a flow diagram illustrating a packet-switching mode of opetiition of the 
SATSI stage of Figure 3; 

Fijgure 7 is a flow diagram illustrating a time-slot interchange switching sdiraic 
applied to the time-slot intercbange switching stage of Figure 3; 

5 Figure 8 is a schematic diagram of a network illustrating how pt^ferred embodiments 
converge different networks through muhiservice nodes to achieve extended circuit 
switched channels and/or packet channels through a muUiservice networic. 

Detailed Description of Preferred Embodimeatg 

With reference to Figure 1, the preferred embodiment is a oommuunications node 10 
) for multiservice switching. The node 10 has an ingre^ stage having a mimber of 
physical communications interfaces in the form of multiple line interface units 12 for 
receiving a plurality of signals 14. At least one of these interface's, and usually 
several of them, employ a synchronous transmission protocol, for example H.110. 
Others of the physical communications interfaces are asynchronous. The 
configuration of nodes embodying the present invention in respect of for example file 
numbers of synchronous and asynchronous signal paths is arbitrary and will depend 
at least in part on the application. The configuration may also be dynamic in that one 
or more of the signal paths of the node has synchronous and asynchronous modes; of 
operation. 

The received signals 14 are on discrete patibs, and each signial is either synchronous 
or asynchronous. In this example, e^h synchronous signal can be regarded as a 
plurality of time-division multiplexed time-slots in succession carrying traiBc of 
various kinds, including packets of different network protocols — for example IP, 
ATM, Bthemet — and mipacketised data, for example PCM voice. Each 
as^Ttchronous signal may be regarded as a plumiity of statisdcaUy multiplexed 
packet-switched services. 
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The line interface units 12 are connected to a first signal path switching stage 15. 
This stage is arranged to switch signals either into a first Synchronous Asj^chronous 
Time-Slot Interchange SATSI stage 16, which stage 16 includes buffering, and both 
Time Slot Interchange TSI and signal path switching, or a second signal path 
5 switching stage 17. The SATSI stage 16 is arranged to switch the contents of time 
slots of the independent signal paths between line interface units 12 and 20. The line 
interface units 20 are connected to a core processing stage 18 providing packet 
processing, signal processing and direct connections^ which stage IS will be 
explained in more detail hereinafter. The core processing stage 18 is connected via 
10 the line inter&ce unit 24 to a third signal path switching stage 21. Like stage 15, this 
stage is arranged to switch signals either into a second Synchronous Asyachronoiis 
Time-Slot Interchange stage 22 including buifering, and both TSI and signal path 
switching, or a fourth signal path switching stage 23. A fiixther bank of line interface 
units 26 form an egress stage adjacent to the fourth signal path switching stage 23. 

15 The internal components and modes of operation of the SATSI stages 16 and 22 will 
be described in more detail hereinafter with reference to Figure 3. 

The node control circuitry 30 includes node resource controllers among other control 
functions. The node*s software and hardware may be configured by sending 
instructions using standard network protocols to protocol handlers^ implraiented 
20 either in software running on the node or in hardware. Configuration is achieved by 
known means, for example by changing register values stored in memory shared 
with hardware. 

The node 10 enables bundles of channels in a physical link bandwidth to be 
prograirund^Iy aggregated and disaggregated by multiplexing, demultiple?dng and 
25 buffering. This enables a single physical link to function as a multiplicity of logical 
links of various desired bandwidths operating in parallel. Physical links can therefore 
simultaneously support a plurality of logical liiiks collectively carrying a multiplicity 
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of different traffic types. Signals are transmitted onto logical links via buffers, which 
the switch fabrics tr^i&fcr celi-by-celi to the appropriate buadle of output chaoncJs. 

At each node any of the logical liiiks can be independently cither circuit-switched by 
the SATSI stages, or demultiplexed via packet buffering and switched into one of the 
5 packet proc^fiiing pipelines that is appropriate 1x> the traffic type, for ^mnple a 
packet switching stage of Ethernet, ATM, IP. IP over ATM^ IP over Ethernet, or a 
signal processing stage for unpacketised data, such as a decoder for PCM voice, or 
forMPEG-4 video. 

Synchronous transmission is based on communication in frames, time slots, and 
10 cells. A cell is the minixnal unit that can be transmitted or receive^ for example 8 
bits for a PCM voice telephony network. A time slot is the duration of transmission 
for a single cell at a given bandwidth. For a gtven cell si2;e, time slot diiration varies 
with bandwidth as follows: 

time slot duration = ceil size / bandwidth 

Switching of a cell needs to be completed within a single time slot 

A chazmel is the aggregate transmission capadty of a given time-slot within a Jframe 
(explained below). For example, the bandwidth of a unidirectional channel jfor PCM 
vbici? telqphohy is 64kbps* 

A frame is a block of cells or time-slots associated with a plurality of distinct 
channels, for example 512 64kbps channels, which would have an aggregate 
bandwidth of 32Mbps. The start and end of a frsmo and the channels within a fiame 
are signalled by clock pulses. Nodes which use a common reference clock for timing 
fonn a synchronoi^ network. 

Channel bandwidth* time slot duration and cell size ar^ related by the formula 
channel bandwidth - cell size / time slot duration 
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Given two of these parameters, the third is therefore determinable. 

Preferred networks can therefore be characterised by frame length* diannel 
bandwidth, and ceU size. 

For a given port bandwidth, larger ceils and higher channel bandwidth reduce both 
5 the speed at which switching needs to be performed, as there are few switchable ceils 
frame, and the amount of switching information that needs to be stored in node 
memory, as there are fewer switchable channels to track of. 

For example, a IGbps link could cany over 16 million 64kbps voice channels (each 
with a cell size of 8bits and a time slot of 125 microseconds), but managing this 
10 number of links is complex. Typically, a switch of this capacity would be locate at 
a point in the network where the nnmber of connections is small, and therefore large 
^oups of these calls are switched to and from the same nodes. This permits many 
low-bandwidth channek to be multiplexed into few high-bandwidth channels. A 
IGbps link could be multiplexed into just 32 32Mbps channels, 

15 Also, input ports in synchronous mode buffer a complete frame ahead of switching, 
and longer frames therefore entail more lat^cy. 

This relationship of frame ieangths, cell sizes and channel bandwidths only applies to 
synchronous links. It does not apply to asynchronous packet-switched links. For 
20 example the node can connect to Etihiem^ networks at 1 0Mbps / 100Mbps / IGbps / 
lOGbps. 

The node's clock can be configured to generate imdag for frames with an arbitrary 
number of channels, 

25 

The SATSI employs four kinds of buffer, explained in more detail hereinafter. Input 
buffers receive cells from line interface units. Switching buffers receive data celi-by- 
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cell m asynchronous mode and jB-ama-by^frams in synchronous mode. Single-flow 
packet buffers receive a cell at a time during the SATSI time-slot interchange 
process. Single-flow packet buffers serve to buffer cells and forward valid packets of 
a particular packet protocol, for example Ethernet 802,3 or IP, to one or mote 
5' associated multiple-flow packet buffers, discarding packets if they are invalid. 
Single-flow packet buffers are not tied to physical ports - at any ins^t there maybe 
mmy more single-^flow packet buffers than physical ports. 

Multiple-flow packet buffers aggregate (sf atistically multiplex) packet streams from 
single-jElow packet buffers. Multiple-flow jacket buffers are similarly not tied to 
10 physical ports - at any instant there may be many more muItiple*flow packet buffets 
than physical ports. Their leading cell is an ir^jut channel addressable by the SATSI 
time slot interchange stage, 

Multiple-flow packet buffers operate prioritisation and discard policies appropriate 
to their specific packet protocol For example, if the buffer is full and a packet is 
15 copied to it, the packet may be discarded or other packets may be discarded in favour 
of it. Also, the packet may be queued elsewhere than at the back, for example, to 
prioritise it ov^ l^s time-sensitive p^kets. 

Packets are forwarded onto logical links by means of the packet switch mode of the 
SATSI, described hereinafter. 

20 Si^ial streams of any traffic type can be circuit-switched between any two nodes in a 
network of preferred nodes and can be switched into any of the available packet 
processing or signal processing pipelines at any node. Unpacketised data is carried 
end-to-end on one or more logical links that are circuit-switched at all intermediary 
nod&s and tJie last logical link in the sequence terrmmt^ in an appropriate signal 

25 processing stage. Packetissd data streams can be carried along any combination of 
circuit-awitched logical links and packet-switched logical links, and where each 
packet switched logical link ends the data is switched into a packet processing 
pipeline of the appropriate type* 
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Within a network of preferred nodes with appropriate processing pipelmes, this 
enables network layer packets^ for example DP, to be transmitted and processed 
Without need for a link layer, as defined in the traditional Open Systems 
Interconnection OSI reference model. 

It also enables packets to access established logical links without first having to set 
up new ones- The preferred node therefon? enables services to be provided which 
flexibly combine features of packet switching, such as "always-on" transport^ 
resilient routing, with features of cirouit-switching, such as low latency and security. 

It also enables a single physical network to support a multiplicity of ^artual networks 
operating otherwise incompatible network protocols, such as ATM with IP, or JP 
with Ethernet 

. Figure 2 illustrates parts of the node of Figure 1 in more detail, in particular 
components of the line interface stages 12 and 26, the SATSI buffering and 
switching stages 16 and 22, core stage 18 and the node control circuitry 30, For 
simplicity intermediate line interface units 20 and 24 are not shown on Figure 2. 

The line interface stage 12 comprises a plurality of line interface units 32-40, each 
providing an ingress port for a dijBferent input path #I-#5 In this example, selected 
ones of the line interface units 38,40 include encoder circuitry 32,54 and decoder 
circuitry 53,55 for specific types of communications traffic, such as unpacketised 
voice and video data streams. 

The respective communications paths #l-#5 are switehable by signal path switches 
SWl-SWS either to input buffers 56-64 of the SATSI stage 16, or direct to the signal 
path switches SW6-SW10, which are set up to switah the ^ropriate input line 
according to the set up for switches SWUSWS. The SATSI stage 16 comprises the 
SATSI switch fabric consisting of jSirther buffer circuitry, multiplexing circuitry and 
switching tables to be described hereinafter with reference to Figiure 3, and 
associated control circuitry 68. SATSI control ciicuitry 68 controls the switching 
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fabric 66 such that predetentiined cells of the sigaals on the input paths #l-#5 are 
placed in the desired sequence in selected ones of the SATSI output buffers 72-80. 

Hie output buffers 72-80 of the SATSI stage 16 are connected to sigtial path 
switches SW6*SW10 for switching their contents between a packet processing 
pipeline 82,83, decoder circuitry 53,55, or a direct conn^tioa 86-90 througji the 
node 10. Packet processing pipelines 82,83 can be ^en on Figure 2 disposed 
between signal path switches SW6-SW7 of the first SATSI stage 16 and signal path 
switches SWl 1-SW12 of the second SATSI stage 22, Direct connections throug^i the 
node can be seen linking signal path switches SW6-SW10 of the first SATSI stage 
16 to signal path switches SWl 1-SW15 of tfie s«ond SATSI stage 22. The switches 
SWl 1-SW12 are set up to switch the ^propriate input line according to the set up 
for switches SW6*SW10. 

The second SATSI stage 22 comprises elements corresponding to those of the first 
SATSI stage 16, namely input buffers 92-100, signal path switches SWl 1-SW12 and 
SW16"'SW20 (mentioned above) a SATSI switching fabric 102, of further buffers, 
multiplexing circuitry and switching tables, output buffers 106-114, and control of 
control circuitry 104. Switches SW16-SW20 are set up to switch the appropriate 
input line according to the set up for switches SWl 1 -SWl 5. The outputs of switches 
SW16-SW20 are connected to a conresponding plurality of line interface cards 116- 
124. In this example, line interface cards 122 and 124 are provided with 
encoder/decoder circuitry 142,144 specific to predetemuned traffic types. 

Interconnects ISOA-ISOC connect the SATSI control circuits 68 and 104 to a 
microprocessor controller 152 through a chip-to-chip or board-to-i>oard interconnect 
mechanism device 154, such as a PCI bus, or through shared memory, as for 

example in memory mapped I/O. 

Intercoruaects 151A-B connect the clock to SATSI control circuitry 68 and 104. 
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The node initialises by discovering its resources, for example the SATSIs, the packet 
processing pipelines, codecs, etc., and their properties, for example port bandwidth 
and transmission timing (synchronous or asynchronous), and then configuring them 
according to any pre-established set of instructions. 

5 Asynchronous links have a single unpartitionable channel and can support only a 
single logical link carrying packetise^ data. They therefore have a single entry in 
their switching tables as will be explained hereinafter. At initialisation, each half- 
duplex unidirectional link is also configured as a single logical link, one hop Ion& 
packet switched into a packet processing pipeline for a default network signalling 
10 and control protocol, for example IP. Tlie switching tables are therefore initialised 
with a single entry. 

This enables the nodes to communicate with each other using standard network 
protocols to share appropriate information about their resources^ including details of 
the logical links they have available, such as what network addresses they connect 
15 to. This sharing of information occurs whenever relevant changes occor so that 
nodes in the network axe kept up to date about the state of other nodes. Other node 
resources may then be configured to partition physical links into logical links and to 
switch logical links to appropriate processing stages. 

in ihk way, the control network can be partitioned to use, for example, a slice of the 
20 available physical link bandwidth and a single packet processing pipeline per node 
(which it may share with other trafHc). Node resource can then be configured to 
also provide connectivity and packet pix>cessing for virtual networks,..eve^ ones that 
use protocols incompatible with the default network protocol. Examples of network 
protocols for which the node might provide processing include but are not limited to 
25 IPv4, IPv6, SNMP, ICMP, TCP, RSVP, SIP, H323, Q931, Ethernet IEEE 802-3, 
ATM. SS7, 

Figure 3 illustrates the components and exemplary functions of the first SATSI 
switching stage 16. Although the reference nnmorBls on Figure 3 apply to the first 
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SATSI stage 16, for cJarity, the second SATSI stage 22 has corresponding 
components and the same mamer of operation, mutatis mutandis. 

At the top of Figure 3 the SATSI input buffers 56*64 each supply a corresponding 
switching buffer 160-168. Discrete address spaces within each of the swindling 
5 buffers 160-168 are addressable by means of the addressing circuitry 170-178 
associated with each of the switching boflfers and connected via the multiplexing 
circuitry 202 to the control circuitry 68, The control circuitry 68 has access to 
switching infomiation 210. In this embodiment^ the switching information 210 is in 
the form of a plurality of switching tables, one switching table being a^ociated with 
iO each of a plurality of faujafers 181-190, Of these buffers 181,183,185,187,189 are 
output buffers connected to corresponding line interfece units 191-199, and 
182,184,186,188,190 are packet flow buflfers available for use by control circuitry in 
asynchrojoous mode and packet switch mode to maintain single-flow and multiple- 
flow packet buffers* For clarity. Figure 3 shows only a portion 215a of the switching 
IS information 210 associated with the first oittput buffer 18L In practi<^ each output 
buffer 181,183,185,187,189 would have associated with it a switching table defining 
for each address ^ace within it a source address space within one of the switching 
buffers 160-168, or one of the packet flow buffers 182,184,186,188,190. The uses of 
packet flow buffers 182,184,186,188,190 and associated tables are described 
20 hereinaftei' with reference to Figure 3 A* 

Discrete address spaces within each of the buffers 181-190 are individually 
addressable by means of addressing circuitry 1 70a- 179a associated with each said'--^ 
buffer. The addressing circuitry 1 70a- 179a is connected through the multiplexing 
circuitry 202 to the switch control circuitry 68. The line xnterfecc unit 191-199 are 
25 disposed bdween the first SATSI stage 16 and the core stage 18 of the node. 

The input channel field of each switching table is programmed with the input 
cbaimel addresses from which the next cell is to be read for each output channel in 
turn. The same input channel may appear more than once in the switching tables. 
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This enables an input channel to be switched to multiple output channels at the same 
time, providing a means of replicating input to output for the purposes of 
multicasting and anycasting etc. 

Output ohamels that are unused are marked as such to p^mit processes wishing to 
alter the switching tabic® to determine wheflier a channel is in use or not Only if a 
channel is not in use does the control circuitry 68 allow an output channel entry in a 
switching table to be amended, 

in the example of Figure 3, signal path #1 is regarded as a synchronous signal path, 
and the SATSI port is in synchronous mode. The start of the frame is signalled 
across the network by the frame pulse. Control circuitry 68 detects the &ame pulse 
via bus 220 and, in reqsonse, causes the contents of the input buffer 56 to be copied 
into the corresponding switching buffer 160. For synchronous signals, the SATSI 
stage 16 thus switches the contents of an entire firame within the frame^s duration. 
For asynchronous signals, the SATSI stage 16 buffers packets in multiple-flow 
packet buffers and switches the buffers* leading cells, deleting the leading cell each 
time one is switched (see Fig 7). The switching information 210 controls the 
sequence of filling of each bujSCer 181-190. 

According to the convention adopted for the puiposes of Figure 3, input channels 
beginning with 1 form part of signal path #1, input channels begiiming wi numeral . 
2 farm part of signal path #2 and input channels with 3 form part of signal path #3. , . 
and so on. With reference to the switching table 215a relating to output buffer 181, 
the first address space (channel) 11,000 of the output buffer 181 is designated to 
receive the contents A of input channel 1000- The second address space 11,001 of 
output buffer iSHs designated to receive the contents B of mpixt channel 3003, The 
third address space 11^002 of buffer 181 is designated to receive the contents C of 
input channel 1004. The fourth address space 11^003 of the output buffer 181 is 
designated to receive the contents D of input channel 2005 and so on, until the table 
entry relating to the last space of the oatput buffer is reached. 
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AJtliough not shown explicitly h^ein, the switching table 21 5a could also designate 
input channels jfrom input buffers 166, 168 of signal paAs #4 an #5, and jfrom packed 
flow buffers 182,184,186488,190. 

It wiH thus bo apparent how all of the address spaces in each output buffer 
1S1483,185487,189 are populated with the content of the various input channels, 
which r^resent address spaces in input buffers and packet-flow buffers according to 
the switching information 210 in the course of one frame duration. 

Thus SATSI switching stages 16,22 are able to receive, switch and tiaiamit a 
mixture of synchronous and asynchronous inputs, including packet streams. 

Each SATSI stage 16;22 therefore has three modes of operation: 

(i) a synchronous mode which enables cells in time-slots in frames within 
signals arriving on different input paths to be interchanged. This enables 
multiple circuited switched links on partitioned physical link bandwidth; 

(ii) an asynchronous mode which mabi^ logical links carrying packets to be 
repacketised via single flow packet buffers and statistically multiplexed into 
one or mom multiple-flow packet buffers for forwarding onto outbound 
logical links or into packet processing pipelines; and 

(iii) a p^ket switching mode which enables packets that have been processed 
through a packet routing algorithm and had a switching he^er prepended to 
be forwarded to the appropriate set of outbound logical links via the 
appropriate set of multiple-flow packet buffers* 

In general, but not exclusively, padis through the fh^ SATSI stage 16 operate in 
modes (i) or (ii), whereas paths through the second SATSI stage 22 operate in modes 
(i) or (iii). The modes (i), (ii), (iii) above are described in more detailed with 
reference to Figures 4, 5 and 6 respectively. 
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in Figiire 3 A, three exemplary signals are shown aniving at ingress ports on paths 
#1, #2 and #3 of the node- These ports are referred to herein as ports #1, #2 and #3 
aaxyndingly. The signal on path #1 is asynchronous, while the signals on paths #2 
and #3 are synchronous. Therefore in this example port #1 of the SATSI is in 
asynchronous mode, and ports #2 and #3 are in synchronous mode, SATSI TSI 
switching, sign^ path switching, and packet buffering enable core processing stages, 
including packet processing pipelines, to process data flows carried, fk>m any 
inbound logical link. The dotted lines indicated by reference numeral 61 are to 
indicate that oflier ports would be present but are not shown here. 

At SATSI port #1, cells FLl, P1.2 ... Pl.n of the packet stream arrive at the input 
buffer 56 and are transferred as they axrive cell-by-cell to the switching btiffer 160 of 
the port. On ports #2 and #3, cells of the synchronous stream arrive and are buffered 
in input buffers 58,60 until the "start of fmme pulse" is detected, when the contents 
of the input buffers 58,60 — an entire frame of cells ~ is transferred to ihe 
switching buffers 162,164. The switching buffers 160-164 thus buffer the contents of 
the input channels and are addressable via the switching tables, as described 
hereinbefore with reference to Figure 3. 

Switching table 2 1 5a is programmed such that output channel 1 1000 receives cells 
Stom input channel 10000, which is the address of the leading cell of multiple-flow 
patiket buffer 184a, maintained" to permit packets to be multiplexed onto this 
outbound logical link. The contents of these output channels are written to the output 
buffer of egress port #1 for transmission via line interfece units 191. 

Switching table 21 5x is programmed such that output channel lOlOOO receives cells 
j&om input channel 1000, which is the address of the front of the switching buffer 
160 for the signal arriving at ingress port #1. Tte cells of this output channel are 
buffered in a single-flow packet buffer 1S2 operating in asynchronous mode (see Fig 
5), which repacketises the contents according to the specific packet protocol. Control 
circuitr>' 68 looks up this buffer in the packet buffer interface table 211, described in 
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more detail hereinafter, and copies packets issuing ftom this buffer to the multi-flow 
packet buffers 182a, 1 84a, Packets PI P2 ...and so on are thus copied to multiple- 
flow packet buffers I and 2 referenced by numerals 182 and 184 respectively. 

Switching table 2X5b is programmed such that output chaonels 12001, 12003, 12005 
receive cells from input channel 9000, which is the address of the leading cell of 
multiple-flow packet buffer 1 82a maintained to permit packets to be multiplexed 
onto this outbound logical link. Switching table 215b also dictates that output 
channels 12002, 12004 receive cells from input channels 3000,3001, which represent 
the inbound logical link within the signal on path #2 carrying stream A, composed of 
ceils Al, A2 etc. The contents of these output channels are written to the output 
buffer 1 83 of egress port #2 for transniissiou via the line interface unit 193. 

Switching table 215b is programmed such that output channels 102000-1 02CK)2 
receive cells from input channels 2001,2003,2005, which represent the inbound 
logical link witliin signal #2 carrying packet stream Q, composed of packets Ql, Q2 
Qn. The packet Ql is, in turn, composed of cells Ql.l, Q1.2 ... Ql,n. The 
corresponding ou^ut channel is buffered in a singjofiow packet buffea: 184 
operating in asynchronous mode (see Fig 5), which repacketises the contents of the 
buffer according to the specific packet protocol Control circuitry 104 looks up this 
buffer in the packet buffer interface table 210, described in more detail hereinafter^ 
arid copies packets issuing from this buffer to the nmlti^flow packet bufBas 182% 
i84a. Packets PI, P2, etc are thus copied to multiple-flow packet buff^ 1 and 2. 

Switching table 215c is pragrammcd such that output channels 13001, 13003 
receives cells from input channels 2002, 2004, which represent the inbound logical 
link within the signal on #2 carrying stream B, composed of cells Bl, B2 etc. The 
contents of these output channels are written to the output buffer of egress port #3 
for transmission via the line interface mit 195. 

Thus, a packet stream (Q) carried on a logical link within a synchronous signal 
arriving at ingress port ^2 is demultiplexed and packetised, and the packets aie 
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buffered along with those f5roin a packet stream (P) carried on an asynchronoiis 
signal aniving at Ingres port #1. The resulting statistically multiplexed packet flow 
is multiplexed onto tv/o outbound logical links (via two multiple-flow packet 
buffer), one a part of port #2's output signal and the other the whole of port #1'^ 
5 ou^ut signal* In addition^ the contents of two logical linl^ with identical bandwidths 
are swapped* 

The switching fabric and technique described having regard to Figure 3 is used in all 
three modes of operation of the SATSI 16 and the SATSI 22 as will be explained 
with reference to Figures 4 to 6, For clarity only the reference numerals applying to 
} the jarst SATSI stage 16 are used here. However, ail thrro modes can be employed 
by eiflier of the SATSI stag^ 16- or 22. 

From Figures 3 and 3A it will be apparent that for each inbound logical link cairying 
a packet flow that is to be demultiplexed for processing by a packet processing 
pipeline at this node» control circuitry 68 J 04 creates a single-flow packet buffer, 
which operates in asynchronous mode. And for each outbound logical link that is to 
carry a multiplexed packet flow, control circuitry 68,104 creates a multiple-flow 
p^ket buffer* and associates it with one or more packet flows fix>m single-flow 
packet bufFere via the packet buffer interface ^le. 

Each single-flow packet buffer can thus be inter&ced to one or more miUtipIe-flow 
packet buffers by programming the packet buffer interface table with an appropriate 
identifier for the buffer against appropriate identifiers for the appropriate multiple- 
flow packet buffers. This enables a multiplicity of packet flows to be statistically 
multiplexed into a single flow, for transmission to a packet processing pipeline or via 
a logical link to another node. 

In addition, the routing information used by packet processing pipelines to select and 
lAmtify the path for packet forwarding may use interface Idmtifiers which 
correspond to multiple entries in the packet buffer interface table. This enables 
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packet flows buffered in multiple-flow pmket buffers to be replicated to a 
multiplicity of outbound logical links. 

Figure 4 illustrates the buffer loading process that is p^onned when a path through 
the SATSI is op^arating in synchronous mode. At step 400 the **start of frame" signal 
5 generated by the clock 155 is detected by the control circuitry 68, and the process is 
triggered to start* At step 410, the control circuitry 68 causes the content of this 
port*s input buffer 56-64, which will be a frame of cells, to be copied to this port*s 
switching buffer 160-168, At step 420 control circuitry 68 deletes the ScBxnc of ceils 
trom the input buffer 56-64* At step 425 control circuitry 68 generates a "Switching 
10 Buffer Ready Signal", which triggers the SATSI tirae^^slot interchange switching 
process (see Figure 7) to start for this port's output buffer. Control then stops the 
process until it is triggered by the next "start of frame" signal. The process is the 
same when performed by the second SATSI stage 22. 

Figure 4A illustrates the buffer loading process that is performed when a path 
15 through the SATSI is operating in asynchmnous mode. At step 45Q the "start of 
channel** sigimi generated by the clock. 155 is detected by the control circuitry 68, 
and the process is triggered to start At step 460, the conlyol circuitry 68 causes the 
content of this port's input buffer 56-64, which will be a single cell of data, to be 
copied to this port's switching buffer 160-168* At step 470 control circuitry 68 
20 deletes ttie cell from the input buffer 56-64. At step 475 control circuitty 68 
generates a **Switching Buffer Ready Signar, which triggers the SATSI time-slot 
interchange switching process (see Figure 7) to start for the single-flow packet buffer 
into which cells of the asynchronous packet stream are being buffered. Control then 
stops the process until it is triggered by the next "start of frame** signal. Hie process 
25 is the same when performed by the second SATSI stage 22. 

Figure 5 illustrates steps taken in an asynchronous mode of operation of the SATSI 
16. 
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A '*smgIe-flow packet buffer written to" signal is generated by the time*sIot 
switching process each time a cell is written to any single-flow packet buffer (see 
Figure 7). This signal is detected by the control circuitry 68 and the asynchronous 
mode is triggered to begin for a particular single flow padcet buffer. To prevent the 
process illustrated in Figure 5 being restarted by another "single-flow packet buffer 
written to** signal before it has stopped 560, this signal is disabled 515. and re- 
enabled at the end of the process 555. At step 520, control circuitry 68 uses a packet- 
ftaming process specific to a particular packet protocol to identify a packet ftame in 
the buffer starting from the j6t>nt. If there is none, the '*single-flow packet buffer 
written to" signal is re-enabled (see step 555), the process temporarily stops 560, 

If a properly-framed packet can be identified in the buffer, the control circuitry 68 
checks that it is valid according to the specific packet protocol (see step 525). For 
example, this might include checkiiig the packet's checksum. If it is not, it is 
discarded (see step 530), the "single-flow packet buffer written to" signal is re- 
enabled (see step 555), and the process stops (see step 560). 

If the packet is valid, the control circuitry 68 lcK)ks up in the packet buffer interface 
table the intcrfece identifier for this single-flow packet buffer, and copi^ the packet 
to each multiple flow packet buffer associated with this interface (see step 540), 
Multiple-flow packet buJEfers operate prioritisation and discard policies appropriate 
to their specific packet protocol, as described hereinbefore. 

At step 550, the control circuitry 68 deletes from this buffer the p^ket and any cells 
that precede it, since they cannot be properly framed. The "single-flow packet buffer 
written to" signal is re-enabled 555. Control pmcess then stops 560 until retriggered 
by the next **singIe-flow packet buffer written to** signal (see Figure 7). 'Ihe process 
is the same when performed by the second SATSI stage 22. 



Figure 6 illustrate steps performed in a packet switching mode of the SATSI 16, 
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Thus, this mode of operation tends to be used naost jfrequently by the second SATSI 
stage 22» It corresponds to the asynchronous mode of operation of the SATSI apart 
from the packet framing process (see step 620) which identifies packets formatted 
for packet switching, whose header (and p^haps trailer) identify the egress interface 
to which their payload is to be forwarded, and in addition such infoanation as 
payloadprioiitisation and discard eligibility* 

A **singl^flow packet buffer written to** signal is generated by the time*siot 
switching process each time a cell is written to any single-flow packet buffer {see 
sCiep 745 of Figure 7). This signal is detected by the control circuitry 104 and the 
asynchronous mode is triggered to begin for a particular single flow packet buffer. 
To prevent the process illustrate in Figxire 6 being restarted by another "single-flow 
packet buffer written to" before it has stopped 660, this signal is disabled 615, and 
re-enabled at the end of the process 655, At step 620, control circuitry 104 uses a 
packet-framing process specific to a particular packet protocol to identify a packet 
frame in the buffer starting from the front. If not, the "single-flow packet buffer 
writtean to" signal is re-enabled (see step 555), then the process temporarily stops 
660. 

If a properly-fiamed packet can be identifi^ in the buifer, the control circuitry 104 
checks that it is valid according to the specific packet protocol (see step 625). For 
exanq)le, this niight include chccJdrig the i5acfcet*s checksum. If it is ndt, it is 
discarded (s«e step 630), the "single-flow p^ket buffer written to" signal is re- 
^labled (see step 555), and the process stops (s€^ stq? 660). 

If the packet is valid, the control cixcuifry 68 looks up in the packet buffer interface 
table the interface identifier that is contained in the switching header, and oopios the 
packet to each multiple-flow packet buffer associated with this interface (see step 
640). Multiple-flow packet buffers operate prioritisation and discard policies 
appropriate to their specific packet protocol, as described hereinbefore. 
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At step 650, the control circuitry 104 deletes frora the buffer the packet and any cells 
that precede it, since they cannot be properly framed. The ^*single-fiow packet buffer 
written to" signal is then re-enablcd 655, Control process then stops 660 imtil 
relriggered by the next **sii3gIe-flow packet buffer written to" signal (see Figure 7), 
The process is tile same when performed by the second SATSI stage 22* 

With Inference in particular to Fi^e 7, the time-slot interchange switching i^ocess 
performed by the SATSI stages 16 and 22 will now be described in more detail. The 
process switch<!« cells from input channels to output channels in a buffer, either an 
output buffer 1 8 1 » 1 83, 1 85 J 87, 1 89 or a single-flow packet buffer. 

At step 710, the control circuitry 68,104 detects the '^switching buffer ready* signal 
generated by the control circuitry once every frame for each switching buffer whose 
port is synchronous mode (see Figure 4), and once every time slot for each switching 
bufjfcr whose port is in asynchronous mode (see Figure 4AX as each cell is 
transferred froni the input buffer port*s input buffer. In response^ the output channel 
pointer is initiahsed to start at the beginning of the switching table (see step 715). In 
the example of Figure 3 the pointer for signal path #1 begins at address space 
11,000. 

At step 720, the control circuitry 68,104 accesses the switching infonnation 210 to 
determine the source input chmmel for the oulput chaxmel in question. At step 725, 
the cell that is currently buffered for this ixjput channel (in either a switching buffer 
or a multiple-flow packet buffer) is read. At step 730, control circuitry 68 J 04 checks 
to see if the buffer is aheady full If it is not, this cell is copied to the output buffer 
(see step 735)* this buffer location corresponding to the output channel Control 
circuitry 68,104 then checks if this output buffer is a single-flow packet buffer. If it 
is, control circuitry 68 generates a "single-flow packet buffer writtiai to signal" 
(triggering the start of either an asynchronous mode or packet switched mode 
process for that buffer), Ih either case, or if the output buffer is full, the process 
continues at step 750. 
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Control circuitry 68,104 than checks if the input channel addresses a multiple-flow 
packet buffer (see step 750). If it does, the leading cell of that buffer is deleted 755, 
so that what was the second ceil becomes the first. Next the output channel pointer is 
incr^ented by 1 (see step 760). If the process has not reached the last pointer in the 
output channel it reverts to step 720 (see decision indicated by reference numeral 
765), If the last pointer in the switching table Ims been processed, the control 
circuitry 68,104 halts the process as indicated at step 770. 

In use, the signal streams received by and output &om the line interface units 42-50 
p^s into the first signal path switching stage 15, Switehes SW1-SW5 are sest to 
direct the signal streams either directly to the switches SW6-SW10, or througji the 
switching fkbtics of SATSI 16 and 22. These use switching tables which are 
pxogmnmed to deliver predetermined logic^ liiiks thiou^ the networic and, where 
appropriate, reassemble packets for packet processing via packet buffers. High QoS 
synchronous streams output from the SATSI switching stage J 6 may be switched to 
decoding circuitry 53^55 and, via line interface units 49,50 to, for example, a phone, 
a digital audio player, a video monitor, etc. or onto one of the direct lialcs 86-90 
through the node, whereas output streams from multiple-fiow packet buffers are 
switched onto an appropriate one of the packet processing pipelines 82,83. 

High QcS traffic arrives at one of the switches SW11-SW15 of the stxmd SATSI 
stage 22 and may be switched directly to the correspoj:K3jng switch SW16-SW2d if 
no jEurther muitiplexing/demuitiplexing is required for the stream, or switched 
through the SATSI stage 16 if further muttiplexing/dCTSultiplejcing is required. 
Thereafter the traffic is supplied to a respective one of the egress line interface units 
116«124. 

At the same time, packets switched by the first SATSI stage 16 onto re^e^tive ones 
of the packet processing pipelines 82,83 are process*^ as appropriate to the network 
protocols implemented by them. As explained hereinbefore, packet processing 
pipelines need not implement all layers of the OSI stack. 
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In this embodiment, stages 82a-82d of pipeline 82 implement a packet processing 
pipeline for an OS! layer 3 network protocol oparating over an OSI layer 2 link layer 
protocol, for example, IP over Ethernet Stages 83a and 83b of pipeline 83 
implement an OSI layer 3-only packet processing pipeline. This enables OSI layer 3 
traffic to be carried without using OSI layer 2 link layer mechanisms. There are 
many other examples of useful pipelines which an be used in accordance with the 
present invention. 

Stages S2d and 83b prepends packet switching information in the form of a 
switching header to the packet issuing from stages 82c and 83a respectively of the 
packet processing pipelines. This switching information includes an interface 
idmtifier which identifies the egress interface to which flieir payload is to be 
forwarded, and in addition such inforoaation as payload prioritisation and discard 
eligibility. 

The interface corresponds to a set of multiple-flow packet buffers, as specified in the 
packet buffer interface table, and packets forwarded to a given interface are copied to 
each multiple-flow packet buffer. Multiple-flow packet buffers prioritise or discard 
this packet according to the rules of the specific packet protocol. 

Input ports for paths #1 and #2 of the sc^nd SATSI stage 22 are in packet switch 
mode, and signal path switches SWl 1 and SW12 are set up to switch sign^ into the 
iiqjut buffers 92,94. The packet (less any switching information added by the packet 
processing pipelines) is copied to the set of mulfiple-flow packet buffers 
corresponding to the interface, as determined by the packet buffsr interface table. 
The multiple flow packet buffers are switched by the SATSI switching stage 102 
according to the pre-programmed switching ^les onto selected ones of the SATSI 
output buffers lO&l 14 for supply onto the line interfece caxds 1 16-124, 

With reference to Figure 9, logical links are built at the request of network managers, 
users, or software or hardware processes. In this embodiment a request to build a 
logical link can minimally specify the start and finish of the link, the bandwidth of 
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the link and the class of traffic that the logical link is to carry. Some of these 
parameters might have defaults in certain networks* 

Sdting up a logical Hnk is a distributed process which occurs in two passes, an 
outbound pass and an inbound pass. On the oufbotmd pass, a request to establish a 
logical link is routed from a source node to a destination node over a plurality of 
prefeired nod^, A r^ord of the route undertaken is constructed during the pass and 
retained as part of the request data, and each node checks to establish whether or not 
the node can make the required resources available. If the node does have the 
required resources available, it sets up the logical link and appropriate switching 
tables. If the request reaches its origin without being denied, the logical link has been 
established and is ready for us. A message is sent halting further searching fcnr 
resources, 

If at any each node, iasxifjScient resoiH-ces are available, the node returns a request 
d^ed message to the aode from wliich the request arrived. Protocol handlers at that 
node may then try alternative routes via other pi^ferred nodes connected to this node. 
In this way^ the entire tree of possible routes can be tested for paths with suitable 
resources* 

Another embodiment is able to provide low latency data transport between any two 
end points in the network is described below. These end points may comprise of 
computers or routei^ or any consmncr device such as telephone or an Internet 
appliance. 

The network consists of nodes wMcb are dohnected to each other using a plurality of 
distinct channels* Each node has the ability to provide a number of dedicated 
channels, each channel comprising of an input medium which can be switched 
through to an output medium by means of management software. Once a channel has 
been set up through a particular node, all traffic through that channel is switched in 
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the form of serial data, resulting in the extremely low latency characteristics of the 

network. 

Dedicated channels such as described above may then be constructed spanning more 
5 than one node in the network. At the end points of these channels, the node 
responsible for constructing the channels will accept and provide communications 
traffic by means of, for example, an Internet Protocol router function. Where the end 
point node is located in a consumer premises, the router interfaces to a separate 
channel between the router and the consumer electronic appliance, for example a 
10 voice over int^net protocol telephone. Where the end point node is located close by, 
for example an Internet Point of Presence, the router will interface to a high 
bandwidth switch or router which is connected to low latency backbone m^ia. In 
this manner traffic can be routed globally with extremely low latency fiom consumer 
device to consumer device, 

15 

One such implementation of the networic could make use of wireless links for the 
channels betw€^ the nodes. Wireless couJd also be used for connecting the router at 
the consumer premises to the electronic appliances used by the consumer in close 
proximity td^ one or more such network nodes* 

20 

When using uni«liable media such as wireless, more than one charmel may be set up 
for a single purpose in order to provide redundancy of the signal. In the event where 
one channel suffers data corruption en-route» another channel which foilo>«(^ a 
separate geographical route to the same destination node may not be corrupted en- 
25 route. In this manner reliable transport can be provided even while using unreliable 
media. 

The nodes set up district umsmit channels for outgomg communication 
requirements. The return paths or receive channels are buiit by the destination node 
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in response to the request for communication services. In this maimer the receive and 
transmit channels occupy unrelated patibs. 

The network does not rely on legacy telecommunications infrastructure such as 
telephone exchanges and Internet Service Providers The network can be used in 
complete isolation firom any existing data networks or telephony networks. In this 
case any consumer who has a node installed in their home and is part of a network of 
nodes in nearby buildings and homes an engage in peer to peer connectivity with any 
other member of the network in their local area. 

la the case whcare it is desirable to connect two or more isolated areas, this can be 
accomplished by making use of existing low latency backbone, such as provided by 
optical fiber. The network enables peer to peer telecommunicatioiis on a very large 
scale. For example, any consumer could connect a Voice over Internet Protocol 
telephone to their node, and using this telephone, would be able to place a tel^hone 
call to any other consxuner who also has a Voice over Internet Protocol telephone 
connected to their node. There are no signijScant running costs for this service, each 
consumer provides a safe place for the network node and pays the electricity bill for 
his own node. 

In the case whwe a coiisumer with a node and an Memet aj^liance wi^es to engage 
in Internet Protocol trafiSio with another user who relies on legacy means of 
telecommunications in&astnicture such as a wired telephone or a dial up Xntemet 
connection using some form of traditional local loop access such as copper, cable of 
fiber, the Internet backbone provider will be able to route the traffic in the 
appropriate manner using Voice over Internet Protocol Gateways and collect any 
legacy call termination charges. The charges can be passed on to the consumer in a 
number of ways such as pre-paid calling cards. 
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The nctworic enables a consumer to take their Voice over Internet Protocol handset 
and use it at their neighbour*s node. Since there is no billing associated with the use 
of the node, thore is no requirement to tie a user down to a particular node for low 
bandwidth services such as Short Message Services, emails telephony amongst 
5 othej^. 

In the case where a consumer travels abroad, their Internet Appliances will work 
equally well in any geographic location which has a network of nodes connected to 
backbone. This may be achieved by utilising one or more telecommumcations 
10 standaids coimnonly in some or all nodes for the link to consumer electronic 
appliances, while utilising various telecommunication standanJs for node to node 
data commimication. This would enable the systems to comply with 
telecommunications standards in different territories, while at the same time 
providing globaJ consumer electronic device interoperability, 

15 

The use of, for example. Domain Name Services could provide for the resolution of 
hostnames to DP addresses for the network. Where a user roams to another territory, 
such Domain Name Services could be updated dyimmically in order to ensure the 
reachability of the consumer regardless of which isolated collection of nodes they are 
2a close to. 

The above smdces may be built into the network in onier to decrease reliance on 
legacy telecommunication systems. Other services, include, for example, Email, 
Short Messaging Service and firewalling may also be bmlt into the nodes. Most of 
25 these services may be dispersed over a number of nodes in order to provide carrier 
levels of availability for the services. 

In the case where wireless media is used> efficient means of spectrum use and re-use 
may be applied. Separate tmnsmit and receive antennae may be used m order to 
30 maximiso the usable signal between two nodes. 
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The pre-emptive setting up of channels between nodes will result in a lower end to 
etid protocol overhead, leading to greater tibroughput compared to legacy wireless 
LcK^ Area Network equipment. 

5 

Geographic areas which have been difficult or prohibitively expensive to provision 
connectivity can be provisioned when wii^less media is used as long as there is clear 
Line of Sight between participating nodes and their closest neighbour. In this 
manner high bandwidth connectivity can be provided using very short wireless links 
10 between a large number of nod^. 

The network can be built in a psaedo random manner by choosing an area such as a 
particular suburb. A small number of nodes can be installed in order to seed such a 
suburb, spread out over the area. Thereafter any consumer who decide to place a 
15 node in their premises may do so. Each consumer adding a network node increases 
both the bandwidth capacity of the network along with the switching capacity and 
service capacity, such a Domain Name Service, raiail service and otiiens. 

The network coold provide fully encrypted Ihtemet Protocol trafiRc between nodes. 
20 Trusted parties such as government agencies may requii^ the encryption keys in 
order to allow wiretapping. Wiretapping caai be accomplished by means of, for 
example, Memet Protocol Multicasting, 

A means of identifying a consumer may be built into consumer electronic appliances 
25 in order to limit abuse of the netw^ork. Any number of means of identity may be used 
such as a Personal Identifiaation Number or biometric means. 

In summary, preferred embodiments thus provide the foundation for a multiservice 
switching architecture. The architecture supports and extends all existing packet- and 
circuit-switched network archit^ture. Transport can be reconfigured to the optunal 
3£i combination of packet - and circuit-s witching at any given point in time. That is. 
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Circuit switching has zero contention, zero congestion, low latency, in-order delivery 
of packets, zero packet loss and negligible jitter, whereas packet switchijag benefits 
from statistical multiplexing, always-on availability and ease of adoption of service 
innovations. 

Preferred device also enable layer 1 interworking between diff^^t networics. 
Advantageously^, control over switching resource partitioning enables multiple 
logical networks of differant types to operate over the same physical network 
infrastructure {e*g. a LAN, a WAN, a SAN, etc.). Further, preferred devices also 
enable application of valuable netivork piocessing resources to be optimised, lii 
addition, the need for tunnelling, encapsulation, convension etc. is reduced and/or 
eliminated. Multicast transport of unpacketised, streaming data is also supported by 
preferred nodes. 

Those skilled in the art will recognise that the present invention has a broad range of 
applications and can operate over any kaown coiimiimications media canying many 
different communications protocois. The various embodiments admit of a wide 
range of modifications, without departure from the inventive concept For example, 
specific hardware and software configurations or arrangements described herein are 
not intended to be limiting. Components defined in hardware can be implemented 
for example as portions of general purpose computers, special purposes computers, 
program microprocessors or microcontrollers, hardware el^tronic or logic circuits 
such as application specific circuits, disciete element circuits^ programmable logical 
devices or the like. Components implemented in software could be implemented in 
any known or fiiture developed program languages. Further, aspects implemented in 
hardware could equally be impl^ented in software, and vice versa* 
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Claims: 

1. A communications node for est^liahing a plurality of logically distinct 
comrnixnications links ninning through the node contemporaneously to one or more 
remote nodes, the communications nod^ comprising: 

input switch means; 

output switch means; 

a plurality of communications resources connected between said input and 
output switch means, said plurality of communications resources including at least 
fust and second communications resources adapted to deliver different 
communication services including packet-switched and ciK:uit-switclied services; 

control means associated with said input switch means and said output switch 
means to establish logically distinct links through the node» wherein each said link is 
configurable to selectively include one of the at least furst and second communication 
resources. 

2. A communications node as in claim 1, wherein said communications 
resources include signal processing means. 

3. A communications node as in claim 1 or 2, wherein said communications 
resourci^ include packet processing means, 

4. A conmiimications node as in any preceding claim, wherein said 
communications resources include a first plurality of communications resources 
adapted to serve one of said ser^ic^ types and a second plurality of communications 
resources adapted to another of said service types* , 

5. A communicmons node as in any preceding claim, wherein at least a first 
communicatioas rssoiirca is arranged to process a component of a synchronous input 
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signal, and at least a second of said communications resources is arranged U> process 
a component of an asynchronous input signal* 

6. A communications node as in any preceding claim, wherein a plurality of 
packets from a signal flow is processed by said second communications resource. 

7. A conrninnications node as in any preceding claim, wherein said input switch 
means is arranged to receive at least one input signal partitioned such that it 
comprises a plurality of signal components, wherein said plurality of logically 
distinct links through the node are estabUshed by means of logically associated ones 
of the signal components, 

8. A communications node as in claim 7, wherein said output switch means is 
configurable to receive signal components and switch said signal components onto at 
least one output signal which partitions said signal components, wherein said logical 
links through the node are extended by means of logically associated ones of the 
components of the output signal. 

9. A communications node as in claim 7 or wherein said signaL components 
are partitioned by means of one or more of: time division multiplexing; frequency 
division multiplexing; code division multiplexing; and space division miiltiplexing, 

10. A communications node as In any of claims 7 to 9, wherein said input switch 
means is configurable to switch a plurality of partitioned uiput signals 
contemporaneously. 

IL A communications node as in any of claims 7 to 10, wherein said output 
switch means is configurabia to switch a plurality of partitioned output signals 
contemporaneousiy. 
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12. A communications node as in any preceding claim, wherein one or more of 
said logical links spans more than two nodes such that it establish^ a iogical 
network. 

5 13. A commumcations node as in claim 12, wherein one or more of said logical 
networks is initiated or terminated at a node. 

14. A commimications node as in claim 12, wherein one or more of said logical 
networks is initiated or terminated at an end terminal, 

10 

15. A communications node as in claim 13, wherein one or more of said logical 
netiyorks is mitiated and terminated at a node. 

16. A commxmications node as in claim 14, wherein one or more of said logical 
IS networks is initiated and terminated at end terminals. 

17. A communications node as in any preceding claim, wherein said input switch 
means and said output switch means are configurable to circuit switch 
communications data on a logical link such that low latency transfer of said data is 

20 achieved* 

IS. A communications node as in any preceding claim, wherein pluralities of said 
logical links are programmably aggregated and disaggregated by said node. 

25 19. A communications node for receiving at least one Input signal comprising a 
pitirality of compon^ts, each said component comprising part of a logical link over 
a portion of a commxmications network; the communications node comprising: 
ingress means for receiving said at least one mput signal; 
egress means for outputting at least one output signal comprising one or more 
30 components of said input signal; 



wo 03^30448 



J?CTfGm2m499 



33 

one or more signal processing means connected between the ingress means 
and egress means, for receiving components of said at least one input signal and 
processing said componaits in accordance with a predetermined communications 
process; 

first switching means configurable to selectively cause a signal ou^ut from 
said ingress means to bypass one or more of said signal procesjsang means en route to 
said egress means; 

second switching means configurable to direct signals output from said signal 
processing means to said egress means. 

20. A communications node as in claim 19, wherein said first switching means is 
configurable to provide a connection between said ingress means and said second 
switclung means» which coxmection bypasses all of said signal processing means* 

21. A communications node as in claim 19 or 20, wherein there is provided a 
plurality of signal processing means connected between said ingress means and said 
egress means, each one of said plurality of signal processing means being arranged 
to receive at least components of said at least one signal and to process the received 
components in accordance widi a predetermined oommimications process. 

22. A communications node as in claim 21, wherein first and second ones of said 
plurality of signal processing means are arranged to process received condiponents in 
accordance with a different predetermined communications process. 

23. A communications node as in claim 21 or 22, wherein different ones of the 
signal processing means are arranged to process signal components at one or more 
layers selected from layers 1, 2, 3, 4, 5, 6 and 7 of the open systems interconnect 
model 



wo 03/0:^48 



PCT/GB02/04499 



39 

24. A commuiucations node as in any of claims 21 to 23, wherein said first 
switching means is configurable to supply a component of the at least one input 
signal to a first signal processing meam and another component of the at least one 
input signal to a second signal processing means. 

25. A conamunications node as in any of claims 19 to 24, wherein the timing of 
an input signal is synchronous with a timing reference signal of the node, 

26. A communications node as in any of claims 19 to 25, whei^in an input signal 
is time division multiplexed such that said components are a plurality of time slots, 
corresponding time slot defining part of a logical link. 

27. A communications node as in claim 26, wherein fi-ame pulses occurring at 
predefined timing intm^als delimit a number of time slots to be bujffered and/or 
switch^ between j&ame pulses. 

28. A communications node as in any of ciai'ms 25 to 27, wherein a plurality of 
synchronous input signals are received at said ingress means and said output signal 
iirom said egress means comprises components fi"om different ones of the input 
signals, 

29. A communications node as in any of claims 19 to 28, wherein the second 
switching means supplies a plurality of output signals to said egress means, and 
wherein first and second output signals of the plurality of output signals comprise 
components fi"om one input signal, 

30. A communications node as in my of claims 19 to 29^ wherein the rate of 
receipt of an input signal is mdependmt of a timing reference signal of the node. 
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3L A commucications node as in claim 30, wherda an input signal comprises 
packets. 

32. A commuisications node as in any of claims 19 to 31, wherdta at least one 
5 processing means comprises a packet processing pipeline* 

33. A communications node as in claim 32> wherdn said second switching meaxis 
is arranged to switch a packet su|)plied fix)m the or each packet processing means in 
accoa:dance with destination infomation associated with the packet by the packet 

10 processing means* 

34. A communications node as in any of claims 31 to 33, wherein a packet flxjm 
an input signal is switched such that it appears as a packet in a plurality of output 
signals of the egress means. 

IS 

35. A communications node as in any of claims 31 to 33, wherein a plurality of 
packet flows each on a different logical link of an input signal are switched such that 
they appear as packet flows on different outi?ut signals of the egress means, 

20 36, A cominunications node as in any of claims 31 to 33, wherein a plurality of 
packet flows on a logical link of jGrst and second input signals are switched such that 
they appear as packet flows on different logical links of an output signal of the 
egress meaus. 

25 37, A communications node as in any of claims 31 to 33, wherein a plurality of 
packet flows on a logical link of an input signal are switched such thai they appear as 
packet flows on logical links of different output signals of the egress means. 

38. A coxumunicatioGs node as in claim 31 or 32^ wherein an input signal 
30 comprises packets beionging to a plurality of packet flows each packet flow being 
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carried on a different iogioal link, wherein said first switching means is operable to 
demultiplex the input signal to provide individual packet flows and supply a 
combined packet flow therefrom to an appropriate packet processing pipeline for 
processing in accordance with a predet^mined packet processing piotocoL 

5 

39. A communications node as in claim 31 or 32, wherein said swond switching 
means is programmed with switching information such that it receives packets Jfrom 
said first switching means which have bypassed said packet processing means and 
directs them without reference to destination information in the packet 

10 

40. A commumcations node as in any of claims 19 to 39, wherein said at least 
one input signal comprises' a first input signal which is timed synchronoTJ^ly with a 
timing reference signal of the node and a second input signal having a rate of receipt 
independent of said timing reference signal of the node. 

15 

4L A communications node as in claim 40, wherein said at least one input signal 
comprises a first plurality of input signals timed synchronously with a timing 
reference signal of the node and a second plurality of input signals having a rate of 
receipt independent of said timing reference signal of the node* 

20 

42. A communications node for receiving and transmitting signals comprising 
sets of signal components transmitted at intervals, wherein a set comprises a number 
of signal components partitioned from one another and wherein concatenated signal 
components in adjacent sets establish a number of logical links over a portion of a 
25 communications network, said node comprising: 

input switch means; 

output switch means; 

control means connected to said output switch means and programmable to 
cause selected ones of the partitioned signal components of a set to be aggregated, 
30 such that said aggregated signal components define an aggregated logical link having 
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a bandwidth oorresponding to a predetennined multiple of the signal component 
bandwidth. 

43* A communications nods as in claim 42, further comprising control means 
5 connected to said input switch means and programmable to cause partitioned signal 
components which have been aggregated at a remote node to be disaggregated. 

44. A communications node as in any of claims 42 or 43, further comprising a 
plurality of signal processing means connected between said inpiit switch means and 

la said output switch means, wherein said input switch means is configurable to supply 
at least a component of an input signal to a selected one of said signal processing 
means. 

45. A Gommtmications node as in claim 44, wherein one or more of said node 
15 processing means is an-anged to process at least a signal component received on an 

aggregated logical link after signals transferred thereto have been disaggregated 

46. A communications node as in clann 44, wherein one or moi^ of said node 
processing means arranged to process at least a component of a signal received on an 

20 aggregated logical link without disaggregating the partitioned si^al components 
defining the aggregated logical link. 

47- A communications node as in claim 44, wherein at least one signal 
processing means is arranged to support one or more of Ethernet, ATM, IP, IP over 
25 ATM, IP over Ethem^ or unpacketised data. 

48. A method of setting up a logical link across a portion of a network 
comprising a node according to any of claims 1,19 or 42 including sending a packet 
to a plurality of nodes. 
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43 

49. A method of setting up an aggregated logical link as defined in claim 42 
including sending a packet to a plumlity of nodes. 
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this ports output buffer 
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